Prostate cancer (PCa) is one of the most common cancers in the world. Inflammation has been described as a risk factor for PCa and depends on the production of cytokines in response to tissue damage or the presence of stimuli that induces cellular stress. Interindividual variation in cytokine production is partially controlled by single-nucleotide polymorphisms (SNPs) that have been associated with differential production of cytokines. We have recently showed that SNP-SNP interactions of cytokine genes are associated with PCa risk. However, little is known about the association of cytokine SNPs and PCa aggressiveness. In this study, we evaluated the association of 15 SNPs in five cytokine genes and aggressiveness of PCa in African-and Caucasian-American individuals. Caucasian Americans with the genotypes IL1021082GG or IL1B13954TT had 2.31-fold [95% confidence interval (CI) 5 1. .72] and 3.11 (95% CI 5 1.20-8.06)-fold risk, respectively, of developing aggressive PCa, as compared with individuals without those genotypes. We did not find any associations in the African-American group. Using Multivariate Adaptive Regression Splines modeling for exploratory SNP-SNP interactions, our results showed that more aggressive PCa in Caucasians Americans is associated with the CT genotype at IL8247 [odds ratios (OR) 5 3.50; 95% CI 5 1.13-10.88] or combined genotypes of IL1B2511CC and IL1021082GG (OR 5 3.38; 95% CI 5 1.70-6.71). Unfortunately, the same analysis could not be performed in the African-Americans due to limited number of individuals. With limited sample size, the results from this study suggest that SNPs in cytokine genes may be associated with PCa aggressiveness. More extensive studies are warranted to validate our findings.
Introduction
Prostate cancer (PCa) is the fifth most common cancer in the world and the second most common cancer in men (1) . The incidence of the disease varies according to geographical location. Regions in Western Asia and China, for example, have reported incidence rates of 11 and 2 per 100 000 individuals, respectively, whereas in North America, the average annual incidence rate is 120 per 100 000 individuals (1). In the USA alone, it is estimated that $186 320 new cases of PCa will be diagnosed in 2008 and that close to 28 660 men will die due to the disease (2) .
Studies have identified both genetic and non-genetic factors associated with the risk of PCa. However, it can be difficult to separate the effects of both types of factors (3) . The most recognized factors associated with PCa risk are ethnicity, age and family history of the disease. African-American men have approximately a 1.6-fold increased risk of developing PCa and almost 2.5 higher risk of dying from the disease than Caucasian American (4, 5) . Older individuals have a higher risk of PCa than younger individuals, although individuals with a positive family history are more probably to have earlier onset of the disease (6) . The probability of PCa increases dramatically from 0.01% in men ,39 years old to almost 14% in men !70 years of age (4) . Individuals with at least one first-degree relative with PCa have between 3 and 5 times higher chance of developing the disease than those with a negative family history (6) . In addition, individuals with both first-and second-degree relatives affected by PCa had a 11-fold increased risk of PCa (6) . Additionally, those with a positive family history also had a higher probability of having an earlier onset of the disease (7) . Brothers of an affected individual have a higher probability of being diagnosed with PCa than the sons of affected fathers [pooled estimated relative risk is 3.4, 95% confidence interval (CI) 2.9-4.1 for brother-tobrother risk compared with 2.5, 95% CI 5 2.1-3.1 for father-toson risk] (7, 8) . It was recently suggested that $42% of the risk for PCa may be explained by heritable factors (9) . Studies with twins have shown that the relative risk of a monozygotic twin developing PCa if his brother is diagnosed with PCa is more than five times higher than the RR of a dizygotic twin to develop the disease if his brother is diagnosed (4.9, 95% CI 5 2.8-8.6 versus 0.8, 95% CI 5 0.3-1.8, respectively) (10). Many genetic abnormalities have been associated with risk of PCa, including allelic losses observed at chromosomes 7q, 8q, 10q, 13q, 16q, 17p and 18q (11) (12) (13) (14) (15) (16) .
In recent years, chronic inflammation has emerged as a risk factor for in many types of cancer, including PCa (17, 18) . The importance of inflammation in PCa development is highlighted by the finding that $20% of patients presenting with chronic inflammation in the prostate developed PCa after a 5 year follow-up, when compared with patients with no chronic inflammatory changes (19) . Interestingly, many tumors induce the production of cytokines to promote their own growth and to limit immune responses (20) (21) (22) (23) . The activation of inflammatory cells, like monocytes/macrophages, lead to the production of cytokines that initiate, maintain and promote inflammation, including interleukin (IL) 1-beta, tumor necrosis factor alpha, IL6, IL8 and IL10. Modulation of cytokine production is pivotal for the control of inflammation and tumor progression. Single-nucleotide polymorphisms (SNPs) in cytokine genes, including some in this report, have been associated with modulation of cytokine levels and with the development of cancer (24) (25) (26) (27) (28) (29) . We have recently shown that the risk of PCa is differentially associated with cytokine SNPs in African and Caucasians Americans (30) . However, very little information about the association of cytokine SNPs and PCa aggressiveness is known. Our goal in this study was to evaluate the association between 15 SNPs in five cytokine genes and PCa aggressiveness in African and Caucasians Americans.
Materials and methods

Patient samples
The samples were obtained by a clinic-based all-patients approach for which the DNA samples from PCa patients from the Departments of Urology and Internal Medicine of the Wake Forest University School of Medicine were recruited with sequential patient population, as described previously (31, 32) . Briefly, a blood sample was taken from participants who had received a description of the study and signed an informed consent. In order to be included Abbreviations: CI, confidence interval; IL, interleukin; MARS, Multivariate Adaptive Regression Splines; OR, odds ratio; PCa, prostate cancer; PSA, prostate-specific antigen; SNP, single-nucleotide polymorphism.
in the study, the participants should not have been diagnosed with immune diseases, chronic inflammatory conditions or infections in the past 6 weeks before the sample was taken. Patients were either incident PCa cases (newly diagnosed) or prevalent cases (diagnosed with PCa within 5 years but without PCa and treatment for at least 6 months before the study). All the procedures were approved by the Medical Center's Institutional Review Board.
SNP analysis SNP genotyping was done using 4 ng of DNA as described previously (30) . For this study, we genotyped three SNPs in the IL1B gene (IL1BÀ511C.T, IL1BÀ 31T.C and IL1Bþ3954C.T), three SNPs in the IL10 gene (IL10À1082G.A, IL10À819C.T and IL10À592C.A), three SNPs in the TNFA gene (TNFÀ 857C.T, TNFÀ308G.A and TNFÀ238G.A), three SNPs in the IL6 gene (IL6À174C.G, IL6À598G.A and IL6IVS2þ180G.A) and three SNPs in the IL8 gene (IL8À251A.T, IL8EX1À47C.T and IL8IVS1þ230G.T). Controls of known genotype for each polymorphic locus were always run in parallel with each experiment per SNP analysis. In addition, four internal controls were included in each 96-well plate. The concordance of the genotypes for both types of controls was always .98.5%. Individuals with missing information were not included in the analysis.
Statistical analysis
The goal of this study was to evaluate the association between 15 cytokine SNPs and PCa aggressiveness; therefore, only PCa cases were included. PCa cases were classified based on Gleason's grade, clinical stage and prostatespecific antigen (PSA) at diagnosis as follows: high aggressive (Gleason's sum !8 or PSA .20 ng/ml or Gleason's sum !7 and clinical stages T3-T4), low aggressive (Gleason's sum ,7 and clinical stage T1-T2 and PSA ,10 ng/ml) or intermediate aggressive (all other cases) (33) . Because of insufficient information on Gleason's grade and/or PSA to determine PCa aggressiveness, 71 Caucasian-American patients (12.1%) and 7 African-American patients (8.5%) were excluded from the analysis. Additionally, three subjects of other ethnic groups were excluded. With differential distributions of aggressiveness in the two racial groups, all the statistical analyses were stratified by race.
The genotype frequencies of the cytokine SNPs in low and intermediate PCa cases were very similar; therefore, we joined them in a single group to compare with the high PCa aggressiveness. Chi-square and Fisher's exact tests were used to compare the demographic, clinical characteristics and individual SNPs between high and low/intermediate aggressiveness. Multivariate logistic regression models were used for testing the one-to-one association between PCa aggressiveness and each of the SNPs. The potential confounding factors included age, smoking history as risk for aggressive disease (34) and history of benign prostatic hyperplasia diagnosis. The smoking history was evaluated by whether the individual has ever smoked at least 100 cigarettes in his lifetime. The crude and adjusted odds ratios (ORs) and 95% confidence interval (CI) are presented. Finally, the association between cytokine gene haplotype and PCa aggressiveness was examined using Haplostat (35) . Multivariate logistic regression adjusting for age, smoking history and history of benign prostatic hyperplasia diagnosis was examined for each SNP.
SNP-SNP interactions were only performed in Caucasian Americans because of the small sample size for African-Americans in this study. Three SNP pairs were observed to be highly correlated (r 2 . 0.8) and in strong linkage (D# . 0.8): (i) IL1BÀ511C.T and IL1BÀ31T.C; (ii) IL10À819C.T and IL10À 592C.A and (iii) IL6À598G.A and IL6IVS2þ180G.A. Thus, three SNPs (IL1BÀ31T.C, IL10À592C.A and IL6IVS2þ180G.A) were excluded from the analyses of SNP interactions. Multivariate Adaptive Regression Splines (MARS) were applied to explore SNP-SNP interactions associated with PCa aggressiveness. MARS with the features of flexible group selection, automatic genotype combination and automatic interaction pattern detection is shown to be a powerful method for analyzing SNP-SNP interactions for complex diseases (36) . Statistical analyses were performed using SAS 9.1 and MARS 2.0.
Results
The racial sociodemographic characteristics of our population are shown in Table I , as a function of PCa aggressiveness. As shown, none of the factors studied, including age, smoking history and benign prostatic hyperplasia history, presented any differential distribution between both African-and Caucasian-American individuals with either low/intermediate or high aggressive disease.
With the knowledge that there is a differential distribution of cytokine gene SNPs in African-and Caucasian-American individuals with PCa, we designed the study to test whether cytokine SNPs distributions contribute to PCa aggressiveness. The results in Table II show the adjusted models determining the associated risk (OR and 95% CI) of diagnosis of PCa aggressive disease in African-and CaucasianAmerican PCa patients based on different cytokine genotypes, as compared with the corresponding reference genotypes. As shown, none of the genotypes studied alone was associated with aggressive disease in African-Americans, a finding that may be due to limited sample size (Table II) . In contrast, Caucasian-American individuals carrying the genotype IL1Bþ3954TT had .3-fold risk of being diagnosed with aggressive PCa (OR 5 3.11; 95% CI 5 1.20-8.06). Similarly, Caucasian Americans with the genotype IL10À1082GG had increased risk of aggressive PCa when compared with individuals who do not carry such a genotype (OR 5 2.31; 95% CI 5 1.13-4.72). In addition, Caucasian-American patients with the genotype IL8À47CT or carrying the allele T at this position (IL8À47CT/TT) had increased risk of aggressive PCa (OR 5 3.81; 95% CI 5 1.35-10.75 and OR 5 3.01; 95% CI 5 1.20-7.56, respectively). None of the associations between cytokine gene haplotypes and PCa aggressiveness were statistically significant in either African-or CaucasianAmerican individuals.
We investigated whether interactions of SNPs modify the risk of PCa aggressiveness. Due to the limited number of African-American patients, we did the analysis in the Caucasian-American group only. As shown in Figure 1 , the MARS analysis revealed one main effect and a two-way SNP interaction associated with PCa aggressiveness. Caucasian-American individuals carrying the IL8À47CT genotype had a 3.5-fold risk of having aggressive PCa as compared with those individuals who do not carry that genotype at the IL8 gene locus (OR 5 3.5; 95% CI 5 1.13-10.88) (Figure 1 ). In addition, Caucasian-American PCa patients simultaneously carrying the genotypes IL1BÀ511CC and IL10À1082GG had almost 3.4-fold risk of presenting an aggressive disease when compared with individuals who do not carry that genotype combination (OR 5 3.38; 95% CI 5 1.70-6.71) (Figure 1 ). 
Discussion
Cancer is an actively progressive disease. Therefore, we believe that it is imperative to establish mechanisms to identify people at risk of developing more aggressive diseases and those who would get more benefit of the current therapies. Previous work of our group studying patients with gastric premalignant lesions showed that the presence of IL1Bþ3954T allele was associated with the development of multifocal atrophic gastritis without regard to race (37) . Since only a minor fraction of patients with multifocal atrophic gastritis progress to dysplasia and to gastric cancer (38), we proposed that allele IL1Bþ3954T is a marker for those individuals who do not advance to more aggressive stages of the disease. In PCa, however, the definition of these molecular markers has not been established, even though genetic factors are considered to play major role in PCa risk (9) . A recent case-control study by Michaud et al. (39) showed that seven SNPs in cytokine genes, including some of the ones reported here, did not have any effect on either risk of PCa or risk of advanced disease in Africanand Caucasian-American individuals. However, we have shown that in PCa, SNPs in cytokine genes are differentially distributed between African and Caucasians Americans and they interact differently in both ethnic groups to modify PCa risk (30) . One possible explanation for these different results is the way the analyses were done in both studies. In our case, all the analyses were done separately in African and Caucasian Americans, whereas in the study by Michaud et al. (30) but also with aggressive PCa disease (this study). None of the studied SNPs were associated with aggressive disease in African-Americans and this may be due to the low number of patients from this ethnic group included in the study. Another way to modulate the risk of PCa would be through the interaction of genes. In this way, one gene that initially might not be associated with risk becomes associated when interacts with another gene. In order to explore the role that cytokine gene SNP interactions might have in PCa aggressiveness, MARS analysis, a flexible and powerful method to detect gene-gene interactions, was applied (36) . We found that Caucasian Americans carrying the IL8À47CT genotype had more risk of having aggressive PCa (OR 5 3.50; 95% CI 5 1.13-10.38). Similarly, Caucasian-American individuals carrying simultaneously the genotypes IL1BÀ511CC and IL10À 1082GG had almost 3.4-fold increased aggressive PCa risk, as compared with those individuals who do not carry that genotype combination. In our previous report (30), we found the same genegene interaction, although involving different SNPs, to be associated with the presence of PCa in Caucasian Americans. This is important because several cytokine gene SNPs have been associated with modulation of cytokine levels. For example, it has been shown that SNPs in the IL1B gene are associated with modulation of IL1-beta production (28, 41) and the same is true for IL10 and IL8 gene SNPs (29, 42) . The association of these SNPs with PCa aggressiveness in CaucasianAmerican individuals may then be linked to a highly inflammatory environment characterized by increased production of IL1-beta and IL8 and reduced levels of IL10, but this is still to be proven.
Even though the genotype profiling of a person with cancer may be associated with risk of the disease, these analyses should be coupled to complementary studies aiming to set a complete molecular signature of individuals at risk, including gene expression profiles and microRNA expression. Recent studies using gene expression assays have been used to predict the survival of patients with lung and colorectal carcinoma (43, 44) and have proven to be more precise in the classification of the disease stage than the current systems. Our analysis, even though it has the limitation given by a small sample size and limited number of SNPs and genes, is encouraging because it warrants future research on PCa genomics. Institutes of Health (CA82689 and CA107974 to A.C.O.) and (K08 CA 113452 to P.E.C.).
